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Geo-Referenced Infrastructure and Demographic Data for 
Development (GRID3): A global partnership
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Presentation Notes
High quality georeferenced data supports informed decision-making and effective resource allocation by governments, non-profits, companies, and others to address near- and long-term needs.

Geo-Referenced Infrastructure and Demographic Data for Development (GRID3), an initiative funded by the Bill & Melinda Gates Foundation and the United Kingdom’s Department for International Development (DFID), works with governments and local stakeholders in low- and middle-income countries to generate, validate, and use geospatial data on population, settlements, infrastructure, and boundaries in support of national development priorities, humanitarian efforts, and SDGs.

Our implementing partners, Worldpop, Flowminder, and UN Population Fund provide technical expertise in the production of high resolution gridded population estimates, capacity building, and support for census and hybrid census.

CEISIN, my home organization, is the coordinating partner, providing technical support and advocacy.
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The GRID3 Vision is to map a path to sustainable development for everyone.

Our Mission is to build spatial data solutions that make development goals achievable. 

To this end, GRID3 works at the country-level to facilitate the production of core data sets that will put all people on the map and leave no one, and no where, behind. 

Today I’m presenting our work in facilitating production of subnational boundaries in three of the five countries in which we are currently operating: Nigeria, Democratic Republic of Congo, and Zambia.



Functional Areas

• One of 14 global fundamental geospatial 
data themes adopted by the United 
Nations Committee of Experts on Global 
Geospatial Information Management 
(UN-GGIM)

• Designed to facilitate the measurement, 
monitoring, and management of 
sustainable development in a consistent 
way over time to facilitate evidence-
based decision- and policy-making.

“Linking data to administrative and functional 
geographies provides the spatial component that 

further enables data integration and broader 
comparability.”

“It’s also the key to informing stakeholders on the 
status of international, national, and sub-national 

policy objectives and programme
goals/deliverables.”

http://ggim.un.org/meetings/GGIM-committee/9thSession/documents/Fundamental_Data_Publication.pdf
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The importance of subnational boundaries in advancing sustainable development within countries and for SDG monitoring is captured in the Functional Areas data theme, one of the 14 global fundamental data themes adopted by the United Nations Committee of Experts on Global Geospatial Information Management (UN-GGIM) in 2017.

Linking data to administrative and functional geographies provides the spatial component that further enables data integration and broader comparability.

It’s also the key to informing stakeholders on the status of international, national and sub-national policy objectives and programme goals/deliverables.

As a result, they are the building blocks of many processes relevant to sustainable development goals. Functional areas form the link between data collection and implementation of actions. They can be used to visualise data, but also for analytical purposes and, if stable, trends over time. In the natural environment context (including marine) they are key units for implementation and monitoring. 

“Functional Areas are the geographical extent of administrative, legislative, regulatory, electoral, statistical, governance, service delivery and activity management areas.”



http://ggim.un.org/meetings/GGIM-committee/9thSession/documents/Fundamental_Data_Publication.pdf


GRID3 Approach to 
Subnational Boundaries
Two strategies comprise the current GRID3 approach 
to improving subnational boundaries.

1. Facilitating the opening up of the boundary-
generation process to local managers and officials 
for whom the boundaries constitute a central part 
of their operational responsibilities. 

2. Facilitating coordinated, integrated participation 
in the boundary-generation process across 
government institutions that have formal 
authority for managing boundaries.
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High quality, validated boundaries, free of topology and misalignment issues, allow for efficient, evidence-based, place-based planning and implementation of development processes at the appropriate scale or analysis unit.

But high-quality authoritative data may be out-dated or non-existent.

GRID3 aims to facilitate the production of high-resolution, subnational boundaries that may eventually become authoritative national data sets.

Two strategies comprise the current GRID3 approach to improving subnational boundaries.

Facilitating the opening up of the boundary-generation process to local managers and officials for whom the boundaries constitute a central part of their operational responsibilities.

National government actors are still the driving force, but opening up the boundary-generation work brings in outside groups like GRID3 technical experts and brings sector agencies such as health and education into the picture.

This approach has proven successful in Nigeria and DRC.

Facilitating coordinated, integrated participation in the boundary-generation process across government institutions that have formal authority for managing boundaries.

Instead of opening up the process, the focus is on addressing bottlenecks to progress.

CIESIN used this approach in Zambia with positive results.
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Strategy 1, Nigeria Case Study:
Data for Vaccination Campaign Planning
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In Nigeria, the story begins with the gathering of data for vaccination campaign planning.

To achieve it’s goal, GRID3 sought to build on the work carried out by eHealth Africa, which was contracted by BMGF to compile and maintain a database of operational datasets in support of the polio vaccination campaigns.

The database stores settlement, point of interest, and ward boundary data collected by eHealth and by in-country vaccination teams for all 36 states in Nigeria

These data feed the Vaccination Tracking System (VTS) which helps determine the settlements and target populations for planning vaccination campaigns.



Strategy 1, Nigeria Case Study:
Data for Vaccination Campaign Planning

• Wards are the smallest administrative units in Nigeria

• They aggregate to local government areas (LGAs) and 
then to states.

• Currently, no open-source or government-accepted 
ward boundary data set exists

• GRID3 Nigeria goal: produce a quality data set of 
ward boundaries that can be officially accepted and 
used by the Nigerian government.

9002 Wards

744 Local 
Government 

Areas (LGAs)

36 States



GRID3 Nigeria Ward Boundary Validation

CIESIN evaluated the eHealth Nigeria ward boundaries 
using a set of data integrity checks.

• Unique operational ward ids

• Valid geometries and topology

• Alphanumeric ward codes (i.e. XYZ123)

• Multipart polygons

• Ward boundaries extending past the Nigeria 
country boundary

Presenter
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GRID3 partner CIESIN conducted QAQC, via a set of custom scripts, for all points of interest (POIs), operational-ward boundaries, and settlement data sets collected, processed, and curated by eHealth Africa in Nigeria.

The scripts executed a set of data integrity checks.



Image 1 Image 2 Image 3

POI Spatial Anomaly (left) and Validation in Built Up Areas (BUAs, right)

Each point of interest and settlement feature should be 
located within the spatial limits of the ward and LGA 
specified in the point attribute table.

The highlighted line segment is following the road
 No Error

Boundaries should follow a natural or man made 
feature (e.g. road, rails, rivers, etc)

The highlighted line 
segment crosses over 
multiple buildings
 ErrorErrors reports for all checks were sent back to 

eHealth to address, and then boundaries re-checked. 
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POI Spatial Anomalies: The wardcode and lgacode attributes were spatially joined to the POIs and in this case the joined attributes did not match the poi_wardcode and poi_lgacode attributes, indicating that there is a spatial or attribute (data entry/collection) error.

POI Count Anomalies: The screenshot to the right is a portion of Abia state’s operational ward boundaries overlaid with the health facilities points of interest dataset. Some wards that do not contain a health facility point are highlighted in the attribute table. The ‘zero_count_Health_Facilties’ field is marked 'True'



Ward Boundary Outcomes 
• As of April 1, 2019, the boundaries are complete, free of 

topology errors, and consistently named across administrative 
levels and points of interest.

• The GRID3 Nigeria geodatabase will be hosted by the National 
Space Research and Development Agency (NASRDA) which has 
the mandate for managing the NSDI

• As such they have a “government stamp”, but do not have 
official status until reviewed and approved by the mandated 
agencies.

• The entire process was accomplished in the open, under the 
auspices of a multi-agency steering committee, and the 
boundaries are already in use.

GRID3 Nigeria



• Health service delivery is organized at the Health 
Area (HA) level.

• 20-30 HAs aggregate to Health Zones (HZs) and then 
to Provinces.

• GRID3 DRC goal: produce a quality data set of health 
area and health zone boundaries that can be 
officially accepted and used by the DRC ministry of 
health.

Health Areas

Health Zones

Provinces

Strategy 1, DRC Case Study:
A participatory mapping approach in Haut-Lomami 
and Tanganyika Provinces
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Similar to the Nigerian story, the DRC story is based on data gathered for vaccination campaign planning.

While the INS and BCR agencies (national agencies) are actively working on digitizing the admin boundaries, there was a strong demand from different groups in the health sector to generate health area boundaries.

Health areas are the functional units used by the ministry of health and medical technicians to plan the distribution of health services and conduct vaccination campaings.

This case study differs in that local health workers were directly involved in the mapping of the health area boundaries during a participatory mapped event that preceeded field work to collect settlement and poi data that were then put to use to refine the boundaries.
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Strategy 1, DRC Case Study:
A participatory mapping approach in Haut-Lomami 
and Tanganyika Provinces
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Building on the work of the BMGF polio team, CIESIN collaborated with Novel-T to have vaccinators collect settlement GPS points along with health administrative data, allowing the team to get a better understanding of the actual health areas locations in some selected health zones.

In mid-July 2019, CIESIN deployed two provincial coordinators and twelve mappers to continue working with local health teams on delineating the missing boundaries in both Haut-Lomami and Tanganyika Provinces



Kayamba Health Zone
Haut-Lomami, DRC

Image 1 Image 2

Hand-drawn Operational Map (left) and a New Digital Map (right)
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Prior to field work, vaccinators used hand-drawn paper maps for planning the vaccination campaigns. The participatory mapping combined with collection of additional data in the field resulted in more accurate digital health area maps and more complete settlement and health facility data. 



Delineation of Kitenge Health Areas
(Haut-Lomami Province, DRC)

Image 1 Image 2 Image 3

Compilation of Existing Data
& Field Collections Delineation of Health AreasBaseline data from OpenStreetMaps

Named settlement locations collected 
during the April 2019 VTS polio vaccination 
campaign. Points are symbolized by color 
according to health area.
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Some health zones, such as Kitgenge (Haut-Lomami), are twice as big in reality than the currently available boundaries suggest.



Image 1 Image 2

Haut-Lomami Health Zones, Before and After Field work
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Strategy 2, Zambia Case Study:
Inter-agency boundary harmonization
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The other strategy, pursued in Zambia, supports boundary delineation by facilitating coordinated, integrated participation across government institutions that have formal authority for managing boundaries.

Each agency creates administrative boundaries under different mandates and at different mapping scales. 
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This results in misalignments, specifically, gaps and overlaps, between boundaries at different administrative levels.

When such alignment and nesting issues exist, it is difficult to calculate accurate statistics at the different levels.

While aware of the issues, there was no mechanism in place for the agencies to coordinate their work and resolve the misalignments.

Goal in Zambia - work with stakeholders to provide a mechanism = Boundary Harmonization Workshops = “executive participatory mapping”



Boundary Harmonization Plan

● Following the GRID3 mission to 
Lusaka November 2018, CIESIN 
worked with OSG, CSO, & ECZ to 
develop a work plan.

● GRID3 National Coordinator met 
with NSDI Project Manager, ECZ 
GIS technicians, the Head of 
Census Mapping, and Surveyor 
General finalize the work plan

● Focus on harmonizing districts, 
based on district narratives, and 
any wards that share a boundary 
with a district 

Conducted by CIESIN with a 
custom tool built in ArcGIS 
model builder. 

Identify misalignments 
between districts, and 
between districts and wards 
sharing a boundary

Eliminate gaps and overlaps
less than 500 meters square 
in order to reduce the 
number of manual edits to 
complete during the 
workshops.

Coordination & Work Plan 
Development Boundary Analysis Workshop Goals

● Bring together members 
from all responsible 
agencies

● Reconcile district 
boundaries to official 
narratives and align to 
topographic features

● Reconcile ward 
boundaries shared with 
district boundaries

Presenter
Presentation Notes
Goal - work with stakeholders to provide a mechanism = Boundary Harmonization Workshops = “executive participatory mapping”

CIESIN conducted a preliminary ward boundary analysis to identify gaps and overlaps and remove gaps and overlaps smaller than 500 sq meters. The resulting layer became the base layer for editing during the first workshop.

A point file layer corresponding to either an administrative unit or an error, to be used to make notes of edits during the workshop.


CIESIN and UNFPA met to review the objectives of the boundary harmonization workshop

A practice editing session was held at African Sun Consulting Office where GIS technicians from each participating Ministry (CSO, OSG, MLGH, UNZA) were invited to become familiar with the methodology for boundary editing.




Boundary 
Harmonization 
Workshop 1

Participants

OSG, MLGH, ECZ, 
CSO and UNZA

One government representative 

read aloud the narrative for a 

district and its neighboring 

districts, while a  GIS specialist 

panned around the map to 

follow the narrative description

Ward boundaries were matched 

to the districts by referring to 

natural features, roads, farm 

plots, and beacons from the  

narratives

Red areas represent areas of misalignment



A gap or overlap polygon from the editable 

layer was either merged to the correct 

district or retraced

Edits were documented in the point layer 

as either 1) change made to ward 

boundary, 2) change made to district 

boundary, or 3) retracing of the boundary.

Boundary Harmonization Workshop 1
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In most instances the district boundary needed to be retraced to follow topographic features more precisely. ESRI imagery was turned on when the boundary needed to be aligned and switched on and off to make sure the revised boundary was consistent with both topographic maps and the natural features on the ground.



Before Boundary Harmonization After Boundary Harmonization

Boundary Harmonization Worksop 1
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editing process



Workshop participants split into five groups of three 

people

One person in the trio was responsible for reading the 

district narratives and referencing the topographic 

map and imagery, the second person performed the 

edits,  and the third member recorded the edits in the 

point layer

Workshop: Editing Session II Boundary 
Harmonization 
Workshop 2

Participants

OSG, MLGH, ECZ, 
CSO and UNZA

Presenter
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visual of editing process



Outcomes from the Workshops

All 116 district boundaries were 
aligned 

Wards sharing a boundary with a 
district were aligned 

Consensus reached on code 
assignments to the provinces and 
districts (OSG with input from ECZ 
and CSO)

Errors in the narratives were identified 
f  ti
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For more information, contact us: info@grid3.org

Or follow our partners on Twitter at @Flowminder, @WorldPopProject, @PopDevUNFPA, and @CIESIN

For project updates and announcements, visit us online at:

@GRID3Global www.grid3.org
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